0 2
In the current study, we applied QTL mapping of phenotypic plasticity of complex traits under Three representative plants were measured in each plot for each trait. Three derivative sets of traits were obtained by calculating the deviations from the regression 1 4 5 line (residuals) that were then used for QTL mapping (Fig. 1 ). The first derivative set defined 1 4 6 here as 'adjusted phenology traits' was obtained, for each environment separately, by calculating 1 4 7 the residuals of linear regression between the means of the corresponding initial trait values and 1 4 8 DP-H values (Fig. 1, A) in order to exclude the effect of differences in flowering phenology on 1 4 9 these traits (prefix 'df' was added to the initial trait name): where: is a value of the observed initial trait, is DP-H value, is a predicted value 1 5 3
is DP-H value, is a predicted value of the trait based on linear regression, is a 1 5 4
value of the trait based on linear regression, is a residual from the regression line. The in the WW and WL conditions (prefix 'd' was added to initial trait name), in order to get a 1 5 8 deviation between trait value in WL stress and WW condition, adjusted for the differences in trait values in the population under normal conditions:
was added to the initial trait name), in order to exclude the effect of drought escape mechanisms 1 7 0 in 'drought plasticity traits I' by taking into account the effect of heading time: is a predicted value of the trait based on the linear regression, is a residual from the 1 7 7 is a residual from the regression line. Statistical analysis of phenotypic data with the irrigation regimes as fixed effects and genotypes and blocks as random effects. Heritability (h 2 ) was calculated for each trait across the two irrigation treatments using variance 1 8 6 components of ANOVA: is the number of environments and MS is the mean square. The correlation values and the 1 9 0 correlation values and the descriptive statistics were calculated on the mean values of phenotypic 1 9 1 data for each initial trait and corresponding derivative traits. markers with more than 10% missing data points) and large segregation distortion (χ 2 > 35), the 1 9 6 function "bound together" was applied to select the best candidate skeleton markers representing 1 9 7 groups of co-segregating markers with size of ≥ 2). Clustering of candidate markers into linkage 1 9 8 groups (LG) was performed at the threshold of recombination fraction RF=0.2. The next step 1 9 9
included marker ordering and testing of the local map stability and monotonicity for each LG was performed according to the correspondence of the mapped markers with those on the 2 0 5 consensus maps of hexaploid (Wang et al., 2014) and tetraploid wheat (Maccafferi et al., 2015) . 1999). The significance of the detected QTL effects was tested using 5000 permutation runs. affects two or more separate traits, were referred to as multi-trait QTLs. The software MapChart Genotyping of the G×L RIL population, followed by quality control, resulted in 4,347 2 3 1 polymorphic SNP markers. Out of these, 4,015 SNPs representing 1,369 unique loci (skeleton 2 3 2 markers) were clustered into 14 LGs (Fig. S1 ). The genetic map covered 1835.7 cM (953.1 cM 2 3 3 for the A genome and 882.6 cM for the B genome) (Table S1-S2). The number of skeletal was observed among 150×14=2,100 RIL × chromosome combinations (Table S3 ). A total of 311 2 3 7 (22.7%) skeletal loci showed significant (P≤0.05) segregation distortion ( Fig. S2 ), more 2 3 8 frequently in favor of the wild rather than domesticated parent allele (203 vs. 108, respectively).
3 9
The order of markers on the current genetic map showed highly similar positions on the WEW 2 4 0 pseudomolecules (average rank correlation coefficient 0.999) (Table S4 ). Normal distribution of most of the initial (excluding LR) and derivative quantitative traits of the 2 4 3 RIL population was observed in each of the two environments ( Fig. S3-S5 , Table S5 ). Most of 2 4 4 the initial and dftraits showed a wider distribution under WW that under WL conditions ( Table   2 4 5 S6). Similar range of variation in WW and WL treatments was observed for initial and dftraits of range under WL (Table S6 ). ANOVA showed highly significant effects (P≤0.001) of irrigation 2 4 8 regimes for most the traits (Table S7) , except SpL and FLL (0.01≤P≤0.05). Genotype effect was 2 4 9 highly significant (P≤0.001) for most of the traits, except for VegDM and TotDM 2 5 0 (0.001<P<0.01) ( Table S7 ). The irrigation × genotype interaction was found to be significant Correlation analysis was performed for the four groups of data: initial traits, traits adjusted for 2 5 3 phenology, and drought plasticity traits I and II (with and without adjustment for phenology) 2 5 4 (Tables S8-S10, Fig.2 ). The strongest negative correlation was observed between two initial treatments. These traits showed negative correlation with DP-H under both conditions, with 2 5 8 stronger correlation in the WL. This trade-off between developmental periods from planting to 2 5 9 heading (DP-H) and from heading to maturity (DH-M) indicates strong interactions of these two 2 6 0 phenology related traits with most of the other traits. The relationships between morphological 2 6 1 traits and yield/biomass related traits showed varied patterns in different treatments. For poorly correlated with traits of the other groups. All initial traits under WW were positively 2 6 6 1 1 correlated with corresponding traits under WL (Table S11) with the lowest association for OP (r 2 6 7 = 0.18) and the strongest association for DP-H (r = 0.85). Interestingly, variations in the traits 2 6 8 between treatments had strong negative association with the values of traits under WW ( Table   2 6 9 S11). The correlations of the derivative traits showed common pattern with those of the initial traits, 2 7 1 with few exceptions (Tables S8-S10, Fig 2) . Notably, no significant correlation of dDP-H with 2 7 2 most plasticity traits was found. However, dDH-M was positively associated with productivity water-limited conditions. Rank correlations (Kendall's tau) between the initial and adjusted for 2 7 5 heading traits (Table S12) were stronger for traits obtained under WW conditions compared to 2 7 6 those obtained under WL conditions, suggesting that the influence of heading date to other traits 2 7 7 was stronger in WL conditions. Relationships between the initial traits and dftraits showed 2 7 8 common, for both WW and WL conditions, pattern. The ranks of genotypes for the dftraits were 2 7 9 slightly different from those of the initial traits when the initial traits were uncorrelated to 2 8 0 heading date, whereas for traits highly correlated with heading, the ranks of genotypes for the contrary, rank correlations between initial and drought plasticity traits were lower for more 2 8 4 plastic to drought traits that showed lower correlations between initial traits in WW and WL 2 8 5 conditions (Table S12 ). The presence/absence of QTL effects for derivative traits (dftraits) was used for classification of 2 9 7
QTLs as 'plastic' or 'non-plastic' with respect to variation in phenology (Table 1, Table S14 , 2 9 8 Fig. 3 ). Most of the QTLs (45 out of 79) showed significant effects on both, initial and derivative 2 9 9 traits. For 28 of these 45 QTLs, both effects were rather similar (Table S14 ). Therefore, we 3 0 0 defined them as 'non-plastic' with respect to variation of heading date (Fig. 4) . The group of 3 0 1 QTLs classified as 'plastic' comprise of the following categories: (i) 17 QTLs that showed 3 0 2 increased LOD scores and estimates of dfQTL effects after adjustment of the initial traits for 3 0 3 variation in heading time (Fig. 4) ; (ii) 11 dfQTLs that affected only the derivative traits (Fig. 4) ; heading time (Table S13 ). Most of these 11 dfQTLs had an effect on a single trait only, Those loci were marked as 'associated' with heading ( Fig. 4 ). QTLs were defined as 'non-plastic' in relation to drought when significant effects were revealed 3 1 1 for the initial traits, while no effect for drought plasticity traits ('dtraits' and/or 'ddftraits') was 3 1 2 detected in the same QTL region. On the contrary, QTLs that affected only drought plasticity 3 1 3 traits without displaying significant effect on the initial traits or QTLs with co-localization of 3 1 4 effects on both initial and derivative traits were classified as 'plastic' (Table S14, Fig.4 ).
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According to this approach, we have identified 33 QTLs with plastic drought effects on at least 3 1 6 one trait (Table 1, Table S14 , Fig. 4 ): 9 QTLs for dtraits; 11 QTLs for ddftraits and 13 QTLs for 3 1 7 combinations of dtraits and ddftraits. These results highlight the importance of adjusting for the 1 4 contents of genes within these intervals (Table S15 ). The physical intervals of QTLs ranged from 3 5 7 3.15 to 487.85 Mbp and the number of genes within these intervals varied from 25 to 2136 3 5 8 (Table S16 ). Most of QTLs with large intervals (>100 Mbp) were located in pericentromeric 3 5 9
regions. On the contrary, 16 QTLs with small physical intervals (<10 Mbp) and relatively low 3 6 0 gene content (Table S16) were dispersed along different chromosome parts, except for the 3 6 1 pericentromeric regions. Most of QTLs with more than 200 genes within intervals were excluded 3 6 2 from CG analysis. Our search for CGs was focused on known genes associated with studied 3 6 3 traits, regulation of flowering and development (genes related to hormonal pathways and 3 6 4 biosynthesis). We identified 53 potential CGs within our QTL intervals (Table S17 ). The candidates includes six CGs with well-known effect on the studied traits, Glu-B3 (TKW), of 11 CGs related to phenology were identified within 8 QTL intervals (Table S17 ). Around half (Table S17 ), 11 CGs of them were associated with the ethylene signaling pathway and located 3 7 2 within ten QTLs, and two CGs of them were associated with regulation of auxin and found 3 7 3 within two QTLs. In addition, we identified two heat stress associated CGs (HSFA2C and Phenotypic plasticity is one of the main mechanisms of adaptation to abiotic stresses via changes 3 8 0 in critical developmental stages, such as the timing of transition from vegetative to reproductive 3 8 1 growth (Kamran et al., 2014; Riboni et al., 2014) . Altering flowering time is an evolutionary 3 8 2 strategy adopted by plants to cope with environmental stresses, such as drought, in order to QTLs. The identification of CGs within QTL intervals may lead to the discovery of new 5 0 7 pleiotropic effects of these genes by their interactions with additional networks that affect not 5 0 8 only developmental processes, but also plant response to environmental stresses. For example, 5 0 9
Vrn-B3 (TaFT1), which is proposed here as a CG underlying a major drought plasticity QTL, under WL conditions by the drought escape strategy. In addition, the higher phenotypic plasticity Table S1 Summary of the genetic map constructed based on G×L RIL population. positions on other wheat genetic maps and physical positions and WEW genome assembly.
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Table S5 Normality test of initial and derivative traits. Table S7 Analyses of variance (Anova) and heritability (h2).
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Table S8 Association between 17 initial traits in both treatments.
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Table S9 Associations between adjusted traits to time of heading in both treatments.
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Table S10 Association between plasticity traits to water stress with and without accounting of 5 2 6 time of heading.
2 7
Table S11 Association between corresponding traits in WW and WL and their variation between 5 2 8 treatments.
2 9
Table S12 Kendall's tau coefficients of rank correlations between initial and derivative traits. Table S13 Parameters of QTL effects. Table S17 Summary of CGs. * for osmotic potential lower value reflects higher drought tolerance ** the total number of QTLs presented in the column is lower than the sum of the number in the cells due to the fact that some of the QTLs had pleiotropic effects on traits associated with different drought strategies.
*** positive effect (+) means the same ITV allele for the effects of the QTL on yield related traits and physiological traits associated with drought resistance, while negative effect (-) means alternative ITV alleles; cases with no effect on productivity are denoted as '0'.
Number of plastic QTLs for each allele responsible for drought resistance were shown in brackets. 
Figure legends

Fig. 3
Genetic architecture of 17 traits and their relationships with phenology and plasticity to drought stress. According to our classification, QTLs were marked as follows: non-plastic (NP); plastic (P) and associated to heading (A). With respect to drought resistance strategies the QTLs were marked as: escape (E); avoidance (A); tolerance (T); chlorophyll content (Ch) and 'no associated strategy' (N). The origin of ITV allele is indicated as G for G18-16 and L for LDN.
QTL effects only on adjusted for phenology were marked by one asterisk (*), only on plasticity traits to drought with two asterisks (**). QTLs with effects on drought plasticity traits were marked by blue dash border. 
